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geological state of the system, our modelling results indicate a rather continuous post-rift subsidence for the Colorado Basin, and give no significant evidence of any noticeable uplift phase.
In a second stage, we compare the post-rift evolution of the Colorado Basin with the subsidence evolution as constrained for its conjugate SW African passive margin, the Orange Basin. Despite these two basins formed almost coevally and therefore in a similar large scale geodynamic context, their post-rift subsidence histories differ. Based on this result, we discuss causative tectonic processes likely to provide an explanation to the observed differences. We therefore conclude that it is most probable that additional tectonic components, other than the ridge-push from the spreading of the South Atlantic Ocean, are required to explain the observed differences in the subsidence of the two basins along the conjugate passive margins. Such additional tectonic components might be related to a dynamic mantle component in the form of either plume activity (Africa) or a subducting slab and the presence of an ongoing compressional stress system as revealed for different areas in South America.
Introduction
In the last decades, the passive continental margins of the South Atlantic have been the subject of a still increasing number of studies (e.g. Dupré et al., 2010; Hirsch et al., 2007 Hirsch et al., , 2009 Jungslager, 1999; Katz and Mello, 2000; Maystrenko et al., 2013; Séranne and Anka, 2005) . Efforts focus on detailed analysis of their sedimentary cover, their present-day architecture and configuration and tectonic history as based on geophysical (Autin et al., 2013 (Autin et al., , 2015 Franke et al., 2006; Gladczenko et al., 1997; Hinz et al., 1999; Loegering et al., 2013; Kuhlmann et al., 2010 Kuhlmann et al., , 2011 Stewart et al, 2000) , geochemical (Hartwig et al., 2012; Trumbull et al., 2007) , sedimentological (Brown et al., 1995) or geodynamic (Braun et al., 2014; Colli et al., 2014; Flament et al., 2013;  different domains in terms of bulk density including seaward-dipping reflectors (SDRs), a crystalline crust and lower crustal bodies (LCBs). These are schematically depicted in Figure 5 , which shows a profile across the Colorado Basin highlighting the distribution of the sediments, the location of the different crustal bodies in the crystalline crust as well as the depth to the Moho. In addition, Figure 5 shows the increased stretching of the crust in the direction of the distal segment (towards the east). A crystalline crustal thickness of ~23,000 m is representative for the western segment, whereas the distal segment has a crystalline crustal thickness of ~15,500 m.
For the aim of this study, investigating the post-rift phase, we assume the SDRs and LCBs to have been emplaced before or coeval to rifting so that these bodies do not thermally affect the post-rift phase. This assumption is in agreement with suggestions by Autin et al. (2015) for the Colorado Basin and Thybo and Artemieva (2013) for other passive margin settings. Although the thermal subsidence is not affected by the emplacement of the SDRs and LCBs, the amount of load induced subsidence varies as the isostatic feedback from the previous emplacement of the crustal bodies onto the post-rift subsidence evolution of the basin will affect the subsidence analysis in that denser or lighter material would affect the isostatic rebound and therefore the amount of subsidence. Consequently, we parameterize the crustal density by calculating a laterally varying density for the crystalline crust. Therefore, we integrate in our calculations a single crustal domain extending beneath the base of the syn-rift sediments down to the Moho boundary ( Figure 5 ) and calculate the lateral varying density of area. This was done by assuming local isostatic equilibrium at the Moho. Figure 6 shows the thickness of the present-day crystalline crust and the corresponding laterally varying density (i.e., including areas of denser material such as where SDRs and LCBs emplaced pre-breakup). Figure 6a illustrates how the crust is thinned in eastern direction. The thinnest crust is obtained along the COB (less than 9 by considering an additional porosity-load dependence (Scheck et al., 2003) . Table 1 lists all properties adopted for each individual sedimentary unit (Autin et al., 2015) as well as the age subdivision after Autin et al. (2013) with modifications on the most recent timescale by Cohen et al. (2013) .
The additional load from the water column is here considered only at the beginning of our calculation. There are two main reasons behind our assumption: First, the water depth was shallower during the past because load (due to sediments) and thermal subsidence (due to relaxation of the lithosphere) affected the margin during the post-rift phase. For this reason, the water depth at the present-day represents the maximum water depth during the entire post-rift phase. Second, in our study area the average water depth at the present-day is only less than 150 m beneath the areas of the major deposition. From this it follows that the water column would only yield about 50 m of isostatic rebound, which is negligible when compared to the total postrift sediment thickness of about 8,000 m yielding about 6,000 m of isostatic rebound on average.
Successive removal of the sedimentary units yields the amount of subsidence as induced by the deposition of each sedimentary unit (considered here as instantaneous) and a final backstripped surface as a result.
Though simplistic, 1D backward in time modelling, assuming local isostatic readjustment, has the particular advantage that it does not require the definition of the past rheology of the lithosphere which is needed for a flexural modelling approach and difficult to constrain. Indeed, estimating the rheology of the lithosphere during its past evolution meets uncertainties that likely will affect the results of the modelling in a non-deterministic way. To avoid any speculative determination, we here decide to rely on available data and make use of local isostasy and being aware of the limitations associated with our approach. In this regard, the reader should take in mind that the obtained results, express in terms of subsidence curves, will represent an upper value with respect to the subsidence expected to have occurred during the evolution of the passive margin (Dressel et al., 2016) .
As common to all backstripping approaches, it is not possible to take into account the additional effects of lithosphere cooling during the sediment deposition and resulting thermal subsidence. A study by Loegering et al. (2013) emphasized the role of this additional subsidence component related to conductive cooling of the lithosphere to explain the post-rift thermal subsidence within the Colorado Basin. In an attempt to correct the backstripped surface for lithospheric cooling, we calculate the amount of thermal subsidence separately by following the uniform stretching model (McKenzie, 1978) . As discussed in the introduction, our workflow comes with some limitations mainly related to the validity of the uniform stretching model for real case passive margin settings. Indeed, it might be likely that rifting was not instantaneous but rather consisting of multiple rifting stages of finite duration, and that the sediments accommodated on a relaxing lithosphere of finite strength. However, insufficient information about input parameters to constrain the details of the rifting dynamics as well as the internal rheological configuration of the entire plate hindered any detailed quantification of such processes. Therefore, we decide to use a simple, analytical approach, without attempting any detailed reconstruction of the rifting phase. Furthermore, the reason for relying on a uniform stretching model to initialize and parameterize thermal cooling of the lithosphere stems from its simplicity to describe the model configuration by means of a dimensionless parameter, which is the -factor. We have inferred the -factor from the ratio between the thickness of the initial (i.e. un-stretched) and present-day crust affected by stretching (illustrated in Figure 8h ). As the aim of this study is not to solely investigate the subsidence evolution of the Colorado Basin but also to compare this to the subsidence evolution of the Orange Basin on the conjugate margin offshore SW Africa, we assume the initial crustal thickness to be the same along both margins. Consequently, for a consistent comparison between the conjugate margins of SE South America and SW Africa, the reference value for the un-stretched crust has been set equal to the one adopted in our previous study on the Orange Basin (Dressel et al., 2015) .
The obtained thermal subsidence is used to correct the backstripped surfaces determined from the backstripping methods for each time interval considered, according to the differentiation listed in Table 1 , and to restore paleobathymetries. Exemplarily, the paleobathymetry at 25 Ma is reconstructed by backstripping the water column and the Shallow unit with the result of a backstripped surface at 25 Ma, the top of the Caotico unit. This surface is then corrected for the amount of thermal subsidence calculated for the time interval between 0 Ma and 25 Ma.
Following this procedure, the remaining seven paleobathymetries are obtained, always considering the thermal subsidence between 0 Ma and the respective stratigraphic unit. 
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In an attempt to discuss the net effect of thermal subsidence by lithospheric cooling and load induced subsidence from sedimentation, we discuss in the following the obtained paleobathymetries for each of the seven post-rift stages ( Figure 9 ).
By inspecting these figures, it is evident that the Colorado Basin has been affected by continuous subsidence from breakup to the present-day as the water depth shallows after correcting for the load induced subsidence and thermal subsidence. close the present-day coast line are characteristic for this time.
Discussion
As discussed above, major changes in the depth of the paleobathymetries occur during early times after the breakup (from 125-70 Ma) while only minor changes are depicted for the remaining 70 Ma up to present-day. This latter time period is also characterized by deposition of smaller amounts of sediments (Shallow, Caotico, Elvira and Pedro Luro units; Figure 7 ) than those during the early post-rift stage (Colorado III, Colorado II and Colorado I units; Figure 7) . Besides, the oldest (before 70 Ma) units were mainly deposited beneath the central and eastern part, whereas the younger units (70 Ma to 0 Ma) were deposited more towards the eastern part, thus marking the major depocentres as presently observed within the basin area (Figure 2) . Additionally, because the lithosphere is almost isostatically equilibrated, these latest stages have also the smallest amounts of thermal subsidence (Figure 8) . Therefore, we can identify a two stage subsidence evolution for the Colorado Basin on first order effects, characterized by higher vertical movement during the first 55 Ma after breakup and only relatively minor ones occurring during the remaining 70 Ma, during which time period also the paleo-water depths did not change significantly.
To discuss the evolution of the subsidence constrained for the Colorado Basin and to carry out a comparison with the reconstructed subsidence at the conjugate margin offshore SW Africa, we plot one dimensional subsidence profiles as extracted from the two synthetic wells beneath the Colorado Basin (stratigraphy in Figure 4 , see Figure 1 for location): one chosen as representative for the western and one from the eastern segment (Figure 10 ). In addition, the subsidence curves derived from a previous study, focused on the Orange Basin (Dressel et al., 2015) , are also plotted to facilitate our discussion.
The 1D profiles are representative of a trend considered typical of a passive margin setting (Bott, 1992) . According to Figure 10 , the western and eastern areas of the Colorado Basin vary in the amount of total subsidence in that the eastern segment experienced more subsidence than the western segment, giving a final difference of approximately 2,500 m of subsidence at present.
The difference can be interpreted as being partially the result of larger amounts of stretching in the eastern segment (β = 2.52) than in the western segment (β = 1.73). However, the magnitudes of variations in the stretching factors alone are insufficient to explain the amount of difference in the calculated total subsidence. Most likely, variations in the sedimentation (rates and supply, i.e. load induced subsidence) are to be called for in order to reconcile these observations. The amount of load induced subsidence can be calculated from Figure 10 as the area between the thermal and total subsidence curves. By calculating the individual amounts of load induced subsidence at each time interval, no general relationship between the two segments can be discriminated. Comparing the subsidence curves as described before with a one dimensional profile extracted for the conjugate Orange Basin, offshore SW Africa (Dressel et al., 2015) reveals differences between the two margins. The amount of thermal subsidence, determined for the Orange Basin, is comparable with the Argentine margin, which is plausible given the fact that similar stretching conditions during breakup occurred at both settings. While the stretching factor for the Colorado Basin is 1.73 (western segment) and 2.52 (eastern segment), respectively, the Orange Basin thermal subsidence curve is calculated using a β of 2.0 (Figure 10 ). Therefore, it represents an average between the thermal subsidence curves of the Colorado Basin. By contrast, the amount of total subsidence significantly varies between the Orange and the Colorado Basin. The Orange Basin experienced its largest total subsidence during the Cretaceous, while the eastern segment of the Colorado Basin experienced also a larger total subsidence during Cenozoic times. At about 67
Ma the total subsidence curves of the Orange Basin and the eastern Colorado Basin cross each other with the result of more total subsidence within the western Colorado Basin than in the Orange Basin (a difference of up to 1,403 m at the present-day). As the amount of thermal subsidence is within the same order of magnitude, the reason for the varying total subsidence relates to different amounts of sediment supply in the two basins, higher for the Colorado than for the Orange Basin. This is in agreement with the sedimentation rates suggested by Loegering et al. (2013) . However, while a change in sediment supply could have surely played a role in shaping the overall subsidence history of the two basins, it is also possible that other processes might have come into play as well. In this regard, seismic profiles across the Orange Basin show several unconformities that are partially interpreted as erosional truncation horizons (Brown et al. 1995; Hirsch et al, 2010; Kuhlmann, et al. 2010; Paton et al., 2007) . In addition, Hirsch et al. (2010) evaluated that the best fit between modeled and observed vitrinite reflectance data can be achieved only by considering an erosion of about 1,000 m. Furthermore, erosional events are also in agreement with investigations onshore South Africa by Braun et al. (2014) . These authors relate the erosion of the South African plateau to a major uplift episode during the Late Cretaceous. Consequently, it is most probable that differences between the subsidence curves for the Colorado Basin and the Orange Basin can, at least partly, result from extensive postdepositional erosion of the sediments in the Orange Basin. These erosional processes may have been related to tectonic uplift, processes that did not affect the South American conjugate margin.
If this was the case, the question that remains is which mechanisms could have caused such asymmetric uplift. Furthermore, it remains open which tectonic force has been the cause of this uplift and during which time in the evolution of the two settings it was acting. In this sense, a possibility would be the ridge push due to the spreading of the South Atlantic Ocean (Japsen et al., 2012) . Alternatively, the detected uplift could be the surface expression of a deep mantle mechanism (Nyblade and Robinson, 1994) , an aspect to which there is still an open debate. Some studies identified plume activity beneath the African continent as a possible force triggering the uplift and leading to erosion of the younger strata (Moucha and Forte, 2011; Colli et al., 2014) . In the light of the results of all the previous studies as described above, obtained differences in the subsidence evolution of the conjugate Argentine and SW African margins give evidence that ridge push forces related to the dynamics of the South Atlantic are to be considered at most of secondary relevance in affecting the evolution of the South Atlantic margins. Therefore, we agree with other studies in assuming mantle dynamics as causative for the recorded uplift across SW Africa (Braun et al., 2014; Colli et al., 2014; Gurnis et al., 2000; Lithgow-Bertelloni and Silver, 1998; Ritsema et al., 1999; Dressel et al., 2015) . This is in agreement with the presence of erosional unconformities within the stratigraphic record of the Orange Basin (Hirsch et al., 2010; Kuhlmann et al., 2010) and with the main conclusions of Loegering et al. (2013) demonstrating no evidence for any significant erosion (even as low as few tens of meters) in the Colorado Basin since the breakup of the South Atlantic.
Conclusions
The subsidence analysis of the Colorado Basin using present-day information about the configuration of the sediments and the crystalline crust allows quantifying the amount of load induced subsidence as well as the amount of the thermal subsidence for seven time intervals during the post-rift phase. This information is used to reconstruct paleobathymetries of the Colorado Basin that indicate continuous subsidence through the entire post-rift phase.
Comparing the paleobathymetries restored for the Argentine margin with those of the conjugate margin offshore SW Africa reveals significant differences of the subsidence history on both margins. In contrast to the Argentine margin paleobathymetries, those at the SW African margin indicate intermittent periods of elevations above sea level that might be related to uplift and erosion.
Discussing these insights points out that additional tectonic forces, other than ridge-push due to the spreading of the South Atlantic Ocean, are needed to explain the differences between the reconstructed subsidence evolution of the Orange Basin and Colorado Basin. If ridge-push is the primary mechanism responsible for seafloor uplift its consequence should be evident at the Autin et al. (2013) and references therein. However, the ages are modified after the time scale by Cohen et al. (2013) . Physical properties are assigned to individual geological units according to the prevailing lithologies. Values for the physical properties were taken from Autin et al. (2015) , Dressel et al. (2015) , Sclater and Christie (1980) . Density for the crust is laterally varying. For this reason it was calculated separately (see chapter 2 and Figure 6 ). 
